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Laser scanning systems tested  
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Introduction

Different standards

Development of testing procedures

Different methods

New features, improved accuracy

HCU HafenCity University
Hamburg

Terrestrial laser scanners tested

Faro LS880

Leica ScanStation 1

Trimble GXZoller + Fröhlich 
Imager 5006

Leica ScanStation 2 Leica HDS6000

Riegl LMS420i
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3D test field

Investigation into 3D accuracy (VDI/VDE 2634 Part II, III)
Test field: 43 reference points,
3D precision < 1mm
Large volume: 30x20x12m³

HCU HafenCity University
Hamburg

Test bodies: spheres, 
diameter 145mm / 199mm

Computation of 3D distances 
between reference points 
in all combinations

3D test field

Up to 780 distances
with different directions
in space

Scanning of spheres from
5 stations
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3D test field
Comparison: Scanner distances vs. reference
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3D test field
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3D test field

Results from test campaign October & December 2007
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3D test field
Results from test campaign October & December 2007

0

10

20

30

40

50

60

70

80

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10
Difference [mm]

Fr
eq

ue
nc

y

Z+F IMAGER 5006
Leica HDS6000
Leica ScanStation 1

Leica ScanStation 2
Riegl LMS Z420i



7

HCU HafenCity University
Hamburg

-6,0

-4,0

-2,0

0,0

2,0

4,0

6,0

10 20 30 40 50 60 70 75 80 90 100

Position [m]

D
iff

er
en

ce
 [m

m
]

Faro LS880 / Sphere 145mm

Leica ScanStation 1 / HDS Target

Trimble GX / Flat Target

Z+F 5006 / Sphere 145mm

Comparison of scanned vs. reference distances (EDM)
Scanner targets: spheres / planar targets
Scanned distances: average of 3 scans
Field conditions!

Results from test campaign March 2007

Distance measurement

Difference of scanned vs. reference distance
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Leica ScanStation 2: comparison to reference
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Results from test campaign October 2007
Riegl LMS 420i

Distance measurement
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Inclination sensor & tumbling error

3 (5) scans / sphere with highest resolution

Condition: all spheres should lie in one plane 

12 spheres distributed on the circumference of
a horizontal circle (r = 50m)

Scanners with inclination compensation: z = const.!

Monitoring of tripod movements by Leica Nivel20
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Inclination sensor

Differences of scanned spheres vs. horizontal XY plane (Z-coordinate)
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Differences of scanned spheres vs. average XY plane
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Influence of the laser beams 
angle of incidence on 3D-accuracy

Reference: 4 spheres
mounted on stone slab

Test body: swivelling planar stone slab

Postulation: spacing of
averaging planes through
centre of spheres and point 
cloud should be constant!

Resolution: 3mm

Scanning of the stone slab in 10 angular positions
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Influence of the laser beams 
angle of incidence on 3D-accuracy

Variation of fitted plane vs. reference plane 
(distance to object 10m)
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Spot size of laser beam at 10m
Faro LS880:                 2,5mm
Leica ScanStation:     4,0mm 
Trimble GX:                 0,6mm (autofocus enabled)
Z+F IMAGER 5006:      2,2mm
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Conclusions and outlook

‚Circle‘: new approach on investigations on
inclination sensor & tumbling error  

Critical aspect: ratio range of scanner to size of target

Test field: ‚realistic‘ volume

Standardized tests, test bodies, calibration & formats?

Competition between laser scanners and total station?

Single point measurement?

Results of investigations = ± specs of manufacturer
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Thank you very much
for your attention!


